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EXPRESS MAIL ^^EL615486863US 


' r Calibration technique of a BEMF detector 

* * * * * 

DESCRIPTION 

The present invention relates to the positioning of the read/write 
5 transducer heads of an hard disk (HD) in a designated landing zone when 

requested or when the electrical power is removed from the drive. In 
particularly it relates to the detection of the back electromotive force 
(BEMF) of the motor involved in the positioning of the read/write 
transducer heads. 

10 A recent parking system (Ramp Loading technology) automatically 

performs a park when HD driver power supply fails or when the HD 
controller asks for it, by means of a Voice Coil Motor (VCM). 


:0 obtain a ramp loading system is mandatory to have a signal at least 
proportion&t4Qthe speed of the motor, in order to have a good control of the 


*-^ti ^ 15 positioning of the re&d/^rite transducer heads. 


Infact the BEMF measurement is compared to a velocity command 
signal in order to sense deviation of thefeotOT actual speed from the desired 
speed, and in response adjusts the drive applied t^&^mo tor to correct for 
the speed deviation. . 


20 Since no servo tracks are available on the ramp, VCM speed is not 

known. This is the reason why information about speed have to be obtained 
by the motor itself. 

In fact back electromotive force is proportional to VCM speed through: 

25 [1] E = Ke-G) = ^ 6 -speed 

armlenght 

where Ke is the proportionality coefficient between angular speed and 
the back electromotive force. 

Nowadays, two possible systems are known in order to obtain the speed 
30 detection. 
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A first way of sensing the BEMF is using the voltage across the power 
bridge, that is the driver of the VCM, and the current flowing in the motor to 
compute the BEMF gengratgdby the motor (continuous mode). 

The second approach consid^s-4^at if the Voice Coil power bridge is 
put in a tristate condition and the time fora^feeiQglete current decay in the 
motor is elapsed, no current is present in the VCM utetKtJie only voltage 
read across the coil is the back electromotive force fdiscontinuou^mC 


Ramp Loading systems working in continuous mode suppose that the 
BEMF of the VCM is read continuously in time and it is not sampled. 


10 Nta reality, the BEMF measured across a motor coil is not perfectly 

proportional to the motor rotational speed. Factor responsible for the 
imperfection are^flie motor resistance Rm, the sense resistor Rs and the 
elements (resistance an^aqiplifiers) used in the measurement circuit. 

The measured BEMF, theh$s^an be viewed as the sum of these error 
15 component and an ideal BEMF to whi^i the motor rotational speed is 
proportional. 


In some applications, however, it is desirable to more accurately control 
motor speed. In such applications the BEMF measurement error is 
unacceptable. One example is the case mentioned of a voice-coil motor for a 
20 head actuator. It is important to accurately control the speed of a read/write 

head as it is being loaded onto a disk, so that the head does not strike the 
disk hard and cause damage. Similarly, it is important to avoid striking the 
head against a head stop when retracting the head from the disk. ______ 


Xrfe-known circuits able to accurately measuring the BEMF of a VCM 
25 but require a double calibration circuit to reduce said measurement error. 

In view of the state^f the art described, it is an object of the present 
invention to provide a circuiTat^e to accurately measuring the BEMF of a 
VCM with a single calibration-circuit.. 


According to the present invention, these and other objects are attained 
30 by means of a BEMF detection circuit for a voice-coil motor operative to 
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continually generate a signal proportionally to the velocity of said voice-coil 
motor comprising a algebraic summing node producing at its output the 
BEMF of the voice-coil motor and receiving: a first voltage proportional to 
the voltage across the voice-coil motor; a second voltage representing the 
product of a first multiplier factor and a voltage proportional to the current 
in the coil; a third voltage representing the product of a prefixed bias voltage 
Vref and a second multiplier factor; said third voltage is calibrated by a 
single calibration circuitry operative to calibrate said second multiplier 
factor in response to a calibration control signal, in order to cancel said 
second voltage. 

Such objects are also attained by a BEMF detection circuit for a voice- 
coil motor operative to continually generate a signal proportionally to the 
velocity of said voice-coil motor such that said signal is the sum of a first 
signal component, a second signal component and a third signal component; 
the first signal component representing the product of a first multiplier factor 
and the voltage across the coil, the second signal component representing the 
product of a second multiplier factor and the current in the coil; the third , 
signal component representing a signal able to eliminate said second signal 
component. 

Tanks4ojheoresent invention it is possible to provide a circuit able to 
accurately measuring theBEMF"rrf-fr-^^ is more precise, require 
les s circuits and therefore less space. - 

The features and the advantages of the present invention will be evident 
from the following detailed description, illustrated as a non-limiting example 
in the annexed drawings, wherein: 

^ Figure 1 shows a power bridge driver of the VCM; 
^ Figure 2 shows a BEMF detection circuit according to the prior art; 
^ Figure 3 shows an embodiment of a BEMF detection circuit according 
to the present invention; 

^ Figure 4 shows a further embodiment of a BEMF detection circuit 
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according to the present invention. 


Referring now to figure 1, where is shown a power bridge driver of the 
VCM,\an hard disk controller 10, by means of a digital to analog converter 
not shown, supply a signal to the power bridge driver for its working. The 
5 signal is supplied to the resistance Rl which in turn is connected to a node 

1 1 . At the node 1 1 is connected the inverting input of an error amplifier EA, 
the non inverting input is connected to a voltage reference or ground and the 
output is connected to a node 12. Between the node 1 1 and 12 are connected 
in series a capacitok Cc and a resistance Rc, they with the error amplifier EA 
10 act as an integrator circuit. At the node 12 is also connected the input of the 

negative power driver 13, the output of which is connected to the node Vcm, 
and the input of the positive power driver 14, the output of which is 
connected to the node Vcpv A resistance Rs is connected between the node- 
Vcm and a node Vsense. A WTM motor is connected between the node Vcp 
15 and the node Vsense. The VCMLmotor is represented in figure 1 by means of 

a resistance Rm, a inductor Lm aM a voltage generator E, which correspond 
to the BEMF voltage. At the node Vcm is also connected the inverting input 
of a sensing amplifier SA, the non inverting input of which is connected to 
the node Vsense, the output of the sensing amplifier SA is connected to a 
20 resistance R2 in turn connected to the noafe 1 1 . 

The signal coming from the driver controller 10 is supplied to the error 
amplifier EA and it drive the power drivers 1 k and 14, the sensing amplifier 
and the resistance R2 perform a negative feedback of the power bridge 

driver. 

25 The voltage across the power bridge is given by: 

[2] Vcm -Vcp = (Rs + Rm)-lm+ Lm -~Im+ E 

Where E = Ke*co is the VCM BEMF, Rm and Lm are the electrical 
30 parameters of the VCM, and lm is current flowing in the VCM. 
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In steady conditions eq. [2] becomes: 
[3] Vcm - Vcp = (Rs + Rm\ Im+ E 

5 In order to obtain a voltage proportional to the BEMF, herewith called 

VTACH, we can use Vsense, Vcm and Vcp to obtain: 

[4] VTACH = (Vcp - Vcm)+ (Vcm - Fsense)- a((Rs + J?m)-Im+ E)-Rs - Im- a 

1 0 where a is a calibration parameter. 

To obtain VTACH voltage, some other solutions, which are not dealt 
herewith, are known. The main differences are based on how Vcm, Vcp and 
Vsense are combined each other. This solution has shown to be the most 
efficient in terms of VTACH/Offset. 

15 Rearranging it gives: 

[5] VTA CH = £ + Im- ((Rs + Rm)-a ♦ Rs) 
and if: 


20 


Rs + Rm 

equation [4] gives VTACH = E (or BEMF) for every VCM current. 


deferring now to figure 2 where is shown a BbMJh detection circuit " 
/\ 25 according^Klje prior art, there is a VCM motor, a resistance Rs and the 

\^ nodes Vcp, VsOTse^aiid^cm as in figure 1 but it is not shown the power 

bridge driver. The node Vcp i§^6Q{inected to a first resistance R which in 
turn is connected to a non inverting inputofm^perational amplifier 20 with 
the function of summing node. The node Vsense is^OHiiected to a second 
30 resistance R and to a first resistance Ra, in parallel witntiie^second 

resistance R, which in turn are connected to an inverting input of the 
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^operational amplifier 20. Between the inverting input of the operational 
ampler 20 and its output is connected to a first resistance Rb. The node 
Vcm is coftnepted to a second resistance Ra which in ton is connected to the 
non inverting inpttK^f the operational amplifier 20. To the non inverting 
input of the operational amplifier 20 is also connected to a second resistance 
Rb which in turn is connected to a^pcQfixed bias voltage Vref. The output of 
the operational amplifier 20 produces the vbk^ge VTACH which is supplied 
to the hard disk controller 10 by means of an analog<QjIigital converter not 
shown. — — 


The two resistances Ra must be calibrated in order to get the correct 
BEMF. It require two circuit to performs such a calibration. 
In this case the BEMF is obtained as follows: 

[7] VTACH = — BEMF + Tm-Rb-\ —~—\ + REF 
1 J R {R Raj 


15 


by calibrating the second term of sum: 


20 


[8] Ra = — -R 
Rm 


we obtain: 


[9] VTACH = —-BEMF + REF 
R 


25 


This solution provides a correct BEMF information, but it needs to use 
2 trimming (the two Ra in figure 2) to compensate the Rm and Rs variation. 


^fer now to figure 3 where is shown an embodiment of a BEMF 
detection circuiTll^Qtding to the present invention. As in figure 2, there is a 
VCM motor, a resistance Rs-^aQd the nodes Vcp, Vsense and Vcm as in 
figure 1 but it is not shown the powfer>4}iidge driver. The node Vcp is 
connected to a first resistance R which in tumis^pnnected to a non 


1 


inverting input of an operational amplifier 30 with the function of summing 
node>At the non inverting input of the operational amplifier 30 are also 
connected a&§t resistance Ra and first resistance Rb, which in turn are both 
connected to a preffitedbias voltage Vref. The node Vcm is connected to a 
5 second resistance R which uHurn is connected to the inverting input of the 

operational amplifier 30. The node vseQse is connected to a non inverting 
input of an operational amplifier 31 havin^gdn G, the node Vcm is 
connected to an inverting input of the operational amplifier 31. The output 
of the operational amplifier 31 is connected to a terminal ol^^ibration 
10 element Rt that in this case correspond to the calibration element Rtot. 

other terminal of Rt is connected to a prefixed bias voltage Vref. 


The calibration element Rt comprise an resistive element having a first 
and a second terminal including a plurality of resistances connected in 
series. Each terminal of the plurality of resistances is connected to a terminal 

15 of a plurality of controlled switches SW, the other terminal of each of said 

switches are connected together to form a node 32. In response of a digital 
calibration control signal coming from the hard disk controller 10 one 
switches SW are closed in order to take, on said node 32, a portion of the 
voltage applied on the calibration element Rt. The portion of the calibration 

20 element Rt from the point where a switch SW is closed to the terminal 

connected to Vref is called Rx. The node 32 is connected to a non inverting 
input of an operational amplifier 33, the inverting input is connected to its 
output. The output of the operational amplifier 33 is connected to a second 
resistance Ra which in turn is connected to the inverting input of the 

25 operational amplifier 30. Between the inverting input of the operational 

amplifier 20 and its output is connected to a second resistance Rb. 

We refer now to figure 4 where is shown a further embodiment of a 
BEMF detection circuit according to the present invention. As in figure 2, 
there is a VCM motor, a resistance Rs and the nodes Vcp, Vsense and Vcm 

30 as in figure 1 but it is not shown the power bridge driver. The circuit in 
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figure 4 is similar to the one of figure 3 except the part of circuit around the 
calibration element Rt. All the elements that correspond to that of figure 3 
have the reference. The node Vsense is connected to a non inverting input of 
an operational amplifier 31 having gain G, the node Vcm is connected to an 
5 inverting input of the operational amplifier 31 . The output of the operational 

amplifier 3 1 is connected to a non inverting input of another operational 
amplifier 41 which has the function of follower, in fact the inverting input of 
the operational amplifier 41 is connected to its output. The output of the 
operational amplifier 41 is connected to a terminal of the calibration element 

10 Rt. Another operational amplifier 42 has the non inverting input connected 

to a prefixed bias voltage Vref, the output of which is connected to the other 
terminal of the calibration element Rt. The inverting input of the operational 
amplifier 42 is connected to an intermediate point of the calibration element 
Rt. In this case the portion of the calibration element Rt comprised between 

15 its contact point with the inverting input of the operational amplifier 42 and 

the terminal of Rt connected to the output of the operational amplifier 41, 
correspond to the calibration element Rtot. In this case the resistance Rx is 
comprised between the connection point of the non inverting input of the 
operational amplifier 33 and the connection point of the non inverting input 

20 of the operational amplifier 42, to the resistance Rt. All the other part of the 

circuit are equal to that of figure 3. 

According to the circuits of figure 3 and 4 the VTACH that is 
equivalent at BEMF is: 


25 [10] 


VTA CH = — * (VCP - VCM )+G-Rs-\m- 
R 


rearranging it gives: 


f Dv > 


Rx 
Rtot 


+ REF-REF 


J 


— + REF 
Ra 
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[11] VTACH = 


',„ _ x Rb _ n ( Rx Rb 
(Rm + Rs) G-Rs- 


[12] 


R \Rtot Ra, 

with calibration: 

Rx ( Rm + Rs Ra ^ 
~Rtot~[ G Rs R ) 


■ Im+ BEMF ■ — REF 
R 


after the calibration, the VTACH (figure 4) have the following 
expression: 


10 [13] VTACH = BEMF ■ — + REF 

R 


According to the present invention it is sufficient only a calibration (or 
trirnrning) circuit instead of two as in the prior art: it simplify the working, 
the circuit and it is less expensive. 
15 The trirnrning of the calibration element Rt is done by means of a word 

coming from a hard disk controller 10 and it can be changed, if necessary, 
during the working. 

In the example herewith described the calibration element Rt comprises 
a plurality of resistances connected to a plurality of switches but it can be 
20 carry out by means of other calibration elements. 
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